Background and Purpose-To determine the hospital mortality rates associated with elective surgical clipping and endovascular coiling of unruptured intracranial aneurysms. Methods-We identified a cohort of patients electively admitted to US hospitals with the diagnosis of unruptured intracranial aneurysm from the National Inpatient Sample database for the years 2000 through 2006. Patient demographics, hospital-associated complications, and in-hospital mortality were compared among the treatment groups.
U nruptured intracranial aneurysms (UIAs) have a prevalence rate in the general population ranging from 0.4% to 6%. [1] [2] [3] [4] Over the years, surgical clipping of UIAs has evolved into the most frequently selected treatment option. 5 Endovascular coiling is an alternative therapy that has evolved during the past 3 decades and has been approved by the Food and Drug Administration. 3, 6 The relative advantages of these treatment options remain controversial, especially with the increasing detection rate by noninvasive imaging tests and the relatively benign natural history, as suggested by the International Study of UIA trial. 7 However, there has been a growing interest in endovascular technology because several studies suggested a lower procedural mortality rate, higher 1-year survival, lower incidence of vasospasm, and greater cost effectiveness. 8 -12 The International Subarachnoid Hemorrhage Treatment (ISAT) trial evaluated these treatment modalities for ruptured aneurysms. 10 ISAT demonstrated the superiority of aneurysm coiling over clipping therapy with a lower mortality rate and lower epilepsy rates at 1 year. There is no similar clinical trial to compare these treatment options for UIAs. Therefore, few observational and small prospective studies addressed the efficacy and safety of endovascular coiling and clipping therapy. Three large database studies addressed a similar question. 9, 13, 14 These studies were conducted before, or overlapped the establishment of, procedure code for endovascular coiling of aneurysm; and hence, their interpretation was limited.
The main objective of this study was to determine hospital mortality and complication rates associated with surgical clipping and coiling procedures in patients electively admitted with UIAs. In addition, we evaluated the trend of use of these procedures during recent years in US hospitals.
Materials and Methods
We identified our cohort from the National Inpatient Sample (NIS) database for the years 2000 through 2006 by searching for the International Classification of Diseases, 9th Revision (ICD-9) clinical modification code for UIAs (437.3). The NIS database represents a 20% stratified sample of inpatient admissions from 1000 acute care hospitals maintained by the Agency for Healthcare Quality and Research. This study was deemed exempt by the institutional review board of the University Hospitals Case Medical Center because NIS is a public database with no personal identifying information. In this cohort, we included patients with the principal diagnosis of UIA admitted electively using the admission type variable, or routinely using admission source variable. The ICD code 437.3 includes aneurysm of the intracranial portion of the internal carotid artery. We excluded those with secondary diagnoses of traumatic aneurysms (ICD 900.0-904.9), acquired arteriovenous fistula (447.0), extracranial internal carotid aneurysm (442.81), traumatic subarachnoid hemorrhage (852.0-6, 852.9, 800.20-6, 800.29). Because subarachnoid hemorrhage (ICD 430) can be inflicted by either procedure, we did not exclude this diagnosis if reported as a secondary diagnosis.
Data Cleansing and Comorbidity Index
A unique identifier is used for each admission to prevent counting multiple admissions of the same patient. In addition, we excluded transfers to other short-term hospitals to avoid duplicate representation of the same patient. Because mortality rate was the primary outcome, observations with missing information on death status were eliminated. Three major ethnic categories were kept, including whites, blacks, and Hispanic race; and the remaining were aggregated into "others." Charlson comorbidity index was used to classify the comorbidity status in each treatment group. Charlson index is a weighted composite score of 19 different chronic conditions; the indexes are ranked mild if there are chronic medical conditions without cancer, moderate if there are chronic medical conditions with a cancer without metastasis, and severe if there is metastatic cancer and acquired immune deficiency syndrome. 15 
Outcomes
The primary outcome was in-hospital mortality rate, which was a separately reported variable in the database. From 14 secondary diagnoses, 4 major neurological and 4 other medical complications were identified in this cohort, including: (1) 
Therapeutic Interventions
UIAs are treated with either craniotomy or via endovascular methods. Craniotomy procedure includes aneurysm clipping (procedure code 39.51); whereas, endovascular surgery includes coil embolization and occlusion (procedure codes 39.79 and 39.72). Procedure codes used for deploying a coil to treat intracranial aneurysms were established in 2001. We included the year 2000 in the database, which predates establishment of these procedure codes. We also sought the rates of diagnostic angiography of a cerebral artery (procedure code 88.41) in both treatment groups, realizing that these procedures are usually performed in an outpatient setting for UIAs.
Statistical Analysis
Student t test and Wilcoxon rank sum test were used to compare normally distributed and skewed continuous variables, respectively. 2 or Fisher exact test was used to compare categories. For stratified analyses to measure covariate confounding effect, we used the Cochran-Mantel-Haenszel test. Age groups were stratified into 3 (Ͻ50, 50 to 75, and Ͼ75 years of age). Because of the missing observation and collinearities among independent variables, stepwise multiple logistic regression models were fitted to determine the independent association of significant variables for an outcome. Two models were built, and both included the basic demographics (age, gender, and ethnicity), hospital complications, and Charlson comor- 
Results
Over a 7-year period, we identified 21 104 cases with admission diagnosis of UIA; although only 52.5% (nϭ11 088) of those were admitted electively. After data cleansing, 39 patients (0.34%) had other types of aneurysms, arteriovenous fistula, or traumatic subarachnoid hemorrhage, 102 patients (0.92%) were transferred between hospitals, and 23 patients (0.20%) were missing the death status, and hence eliminated. Two patients were excluded because they had both procedures (aneurysm clipping and coiling) performed during the same hospitalization. A total of 120 patients (1.1%) had missing information on hospital charge and were hence imputed by the mean charge. A third of this cohort had no documented therapeutic procedure performed during the hospital stay; whereas treatment of UIA with clipping was performed in 34.3% (nϭ3738), and 32.1% (nϭ3498) had the UIA coiled. Table 1 shows the demographic of those clipped compared with coiled population. The mean age in both groups was comparable (53.4 versus 52.5), and the female gender was predominant in both groups (75.3% versus 69.8%). Compared with those who had the aneurysm clipped, the coiled population had a similar ethnic distribution, with a preponderance of whites in both groups (82.9% versus 81.1%). The comorbidity index was similar in both cohorts, being mild in the majority (89.1% versus 90.1%). Diagnostic angiography was more likely to be performed in the coiled compared with the clipped population (61.5% versus 36.7%). Hospital stay was longer in the clipped population compared with coiled population (median 4 versus 1 day), although the median hospital charge was higher in the coiled population (median $42 070 versus $38 166). Patients were more likely to be discharged home if their aneurysms were coiled (95.8% versus 84.9%). (Table 3 ). In addition, the regression model showed that patients with UIA are more likely to be treated with clipping if they are Ͻ75 years of age or are female. Among the clipped population, univariate analysis for mortality revealed association with age and 5 other complications (Table 4 ). Patients Ͻ50 years of age had a mortality of 0.9%, which has increased to 2% among the age group 51 to 75 years and further increased to 4.0% among those Ͼ75 years of age. Except for status epilepticus, the presence of intracerebral hemorrhage, postoperative stroke, pulmonary, cardiac, and sepsis complications were associated with higher mortality in the clipped population. Adjusted analysis for outcome of hospital mortality in the clipped population (Table 5) showed 5 independent covariates, including Hispanic race, postoperative stroke, intracerebral hemorrhage, pulmonary complications, and acute renal failure. None of these covariates were associated with mortality in the coiled population.
Hospital Mortality and Complications

Trend of Hospital Use of Treatment Options
In this cohort, 7236 procedures were performed over 7 years (Figure) 
Discussion
We found higher mortality and hospital complication rates associated with clipping compared with coiling repair of UIAs. In addition, we found a steady increase in the rates of hospital use of the coiling procedures. The ISAT trial confirmed superiority of coiling over clipping in ruptured intracranial aneurysms. 10 There were more deaths in the clipped population in the ISAT, a pattern that seemed consistent during 7 years. Three large database studies addressed the comparisons between these 2 treatment options (Table 6 ), all of which included patients with ruptured intracranial aneurysms and UIAs. 9, 13, 14 These studies were limited by the lack of accurate procedure codes for endovascular repair of intracranial aneurysms, which was established in 2001. Two of these studies included patients admitted before 2001 and used a procedure code that implied aneurysm wrapping or endovascular repair. 9, 13 Aneurysm wrapping is usually performed in conjunction with or as a substitute to clipping and typically requires a craniotomy. 16 Cowan et al used 3 procedure codes to imply endovascular repair of UIAs for patients admitted between 1998 and 2003. 14 Unlike previous studies, we used specific procedure codes for endovascular coiling, and we assured the nonruptured nature of these aneurysms by including patients admitted electively for surgical repair.
The overall mortality rate reported by Qureshi et al varied from 1.36% to 6.3% in UIAs, although, authors reported no significant difference in mortality among the clipped or coiled population. 13 Barker et al reported worse composite outcome (including hospital mortality and unfavorable discharges) in those treated with surgical clipping. 9 The mortality rate among the clipped population in our cohort was similar to those reported by Cowan et al being higher in the clipped population. 14 We identified procedure-associated risks of perioperative stroke and intracerebral hemorrhage; both of these complications were higher in the clipped population in the univariate analysis, and both predicted a higher mortality rate in the adjusted analysis. The risk of silent and symptomatic ischemia associated with aneurysm clipping varied between 2% and 9.8%, as attested by a diffusion MRI study. 17 Ischemic complications increase in the presence of thrombus, the number of clips, and total time of temporary clip occlusion; 17 these variables are not available in the NIS data set. The risk of intraoperative rupture of saccular aneurysms is also higher in clipped population (3.8% versus 1%), especially for giant UIAs of the posterior circulation. 18 -20 The perioperative risks, including hospital mortality, were higher in the clipped population treated in teaching hospitals. 21 However, a stratified analysis of hospital mortality rate according to hospital teaching status in our cohort failed to show any disparity (data not shown). The risk of rupture may be higher in the Hispanic population, incurring a higher mortality rate in our cohort. 22 As anticipated, there were higher rates of cardiac, pulmonary, and systemic infection among the sicker patients, especially when surgery was complicated by aneurysmal rupture. [23] [24] [25] Interestingly, we found no significant difference in the rates of acute renal failure between the treatment groups, suggesting a lack of association between contrast administration and contrastinduced nephropathy. This conclusion has to be made with caution because of the lack of a specific diagnostic code for contrast-induced nephropathy. Although debatable, contrastinduced nephropathy has been a known complication associated with angiography, including coronary interventions. 26 Acute renal failure remained a predictor of mortality in our cohort, as it has been in patients with subarachnoid hemorrhage. 27 The basic demographics of cohorts abstracted from the national databases, including ours, were essentially similar. The regression analysis suggested that patients Ͻ75 years of age are likely to be treated with surgical clipping; this observation supports the published guidelines with the caveat that the size of the aneurysms in our cohort was not known. 28 Coil deployment might be an acceptable treatment option in elderly patients, especially in the presence of significant comorbidities. 28 In addition to age, we found that women are more likely to be treated with surgical clipping. Female gender is a known risk factor for aneurysms originating from the posterior communicating artery; 29, 30 hence, a localization factor could be playing a role in treatment selection in females. 
Table 6. Diagnostic and Procedure Codes Used to Identify and Treat Ruptured and UIAs in National Databases
Barker et al 9 Qureshi et al 13 Cowan The trend of hospital use of the coiling procedure has certainly increased during recent years (2000 through 2006) . Before this era, Qureshi et al observed a minor increase in use over a 15-year span (1986 through 2001), from 0.9% to 1.8%. 13 These low rates may be attributed to the fact that Ϸ70% of their cohort did not have documented treatment for aneurysm. 13 After implementing a specific procedure code for endovascular coiling, the trend of coiling therapy has kept increasing in contrast with clipping. This increase in the use of endovascular therapy might also be reflective of the higher detection rates of UIA by advanced imaging technology; 7 however, it would not explain the decline in clipping procedures during the same time period.
The limitations of this study may include the lack of information on 30-day mortality rate, rebleeding rates, and other long-term functional outcomes. Second, administrative databases usually lack specific information about aneurysm morphology, anatomic location, and other clinical characteristics that might influence decision making in selecting the type of interventional treatment. Third, coding errors may falsely influence interpretation of results; however, the undetected coiling procedures in 2000 suggested a certain degree of internal accuracy of procedure coding. Finally, our study is retrospective and susceptible to selection bias. Regardless, this study provides important information on the secular trends of surgical and interventional procedures used to treat UIAs as well as determinants of mortality and complications associated with these treatment strategies.
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